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Abstract
Background: The objective of this study was to review the available prospective, randomized, con-

trolled trials to determine whether an early (ELC) or a delayed (DLC) approach to a laparoscopic chole-

cystectomy is associated with an increase in length of hospitalization after acute cholecystitis.

Methods: Medline, the Cochrane Trials Register and EMBASE were searched for prospective, ran-

domized, controlled trials (RCTs) comparing ELC versus DLC, published up to May 2014. A meta-

analysis was performed using Review Manager 5.0.

Results: Nine RCTs were included in a total of 617 who underwent ELC and 603 patients who under-

went DLC after acute cholecystitis. The mean hospital stay was 5.4 days in the ELC group and

9.1 days in the DLC group. The meta-analysis showed a mean hospital stay significantly lower in the

ELC group [medical doctor (MD) = 3.24, 95% confidence interval (CI) = 1.95–4.54, P < 0.001]. The

major biliary duct injury rate in the ELC group was 0.8% (2/247) and 0.9% (2/223) in the DLC group.

The meta-analysis showed no significant difference between the ELC and DLC groups [relative risk

(RR) =0.96, 95%CI = 0.25–3.73, P = 0.950].

Conclusion: DLC is associated with a longer total hospital stay but equivalent morbidity as compared

to ELC for patients presenting with acute cholecystitis. ELC would appear to be the treatment of

choice for patients presenting with ELC.
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Introduction

Acute cholecystitis is due to gallstones in up to 90% of patients.

The reported prevalence of gallstones is up to 10% in adult

Eastern populations and up to 15% in adult Western popula-

tions.1 It is estimated that 20–40% of individuals with gallstones

will develop associated symptoms, and 12% will develop acute

cholecystitis.2–4 A laparoscopic cholecystectomy is currently the

gold standard treatment for symptomatic gallstone disease.

However, the optimal timing of a cholecystectomy in patients

with acute cholecystitis remains controversial. A laparoscopic

cholecystectomy is usually delayed in these patients because of

fears that early surgery may be associated with a higher rate of

morbidity including post-operative bile leakage, and a higher

rate of conversion to open surgery5. The updated Tokyo Guide-

lines suggest that an early laparoscopic cholecystectomy (ELC)

is mandatory for patients with mild cholecystitis, whereas

delayed laparoscopic cholecystectomy (DLC) can be performed

in patients with moderate or severe cholecystitis.5

This aim of this meta-analysis was to review data from

prospective randomized controlled trials (RCTs) that com-

pared outcomes after ELC and DLC in patients with acute

cholecystitis, to investigate the length of total hospital stay

between these two approaches.
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Methods
Data sources

A systematic review of the literature was performed. Articles

published up to May 2014 by searching abstracts in Medline,

the Cochrane database and Cochrane Clinical Trials Registry,

and EMBASE, using the search terms [acute cholecystitis]

AND [early] AND [delayed] AND [laparoscopic cholecystec-

tomy] AND [random*] were identified. The search was lim-

ited to articles published in English. Two researchers

independently searched for articles and compared their

results. No unpublished data, data published in an abstract

form only or non-full-length articles were included in the

analysis.

Inclusion and exclusion criteria

Only prospective RCTs were included in this study. Laparo-

scopic cholecystectomy procedures performed for any reason

were included. The search was limited to RCTs that com-

pared outcomes after ELC and DLC in humans. The rates

of post-operative bile leakage, major bile duct injury, conver-

sion to open surgery, and overall morbidity, the presence or

absence of postoperative drainage, the operative time and

the total length of hospital stay were recorded. Observational

studies, case reports and prospective studies were excluded.

Outcome definitions

The total length of hospital stay was defined as the total num-

ber of days in the hospital, which included two hospitalizations

for patients who underwent DLC. Bile leakage was defined as

bile detected in the drainage fluid or an intra-abdominal col-

lection. A major bile duct injury was defined according to the

Bismuth and Blumgart classification6. The intra-abdominal

fluid collection was defined as detection of intra-abdominal

fluid on post-operative ultrasonography or computed tomogra-

phy.

Data review and extraction

Two researchers (B.M., J.L.) independently searched the data-

bases; reviewed titles, abstracts and full-length articles; and

selected articles to include in the analysis. The researchers also

reviewed the reference lists of selected articles and previously

published meta-analyses on the subject. Differences of opinion

were resolved by consensus that included a third researcher

(A.M.). The following information was extracted from the

included studies: the date and design of the study; the number

of patients who underwent ELC and DLC; the gender and age

of patients and the number lost to follow-up; and the inclusion

and exclusion criteria, outcome definitions, presence or

absence of routine cholangiography, experience of the surgeons

(consultant or trainee) and numbers of patients who received

failed conservative treatment for acute cholecystitis. Missing

data were requested from the authors of the relevant studies.

The quality of the studies was determined using the Jadad

scale.7

Statistical analyses

All statistical analyses were performed using Review Manager

5.0 software (Cochrane Collaboration, Oxford, UK). A fixed

model was used if there was no evidence of heterogeneity, and

otherwise a random effects model was used. Heterogeneity was

assessed using the I2 statistic, with values > 50% considered to

indicate significant heterogeneity. Odds ratios (ORs) were cal-

culated for each trial from the number of evaluable patients,

and 95% confidence intervals (CIs) were calculated to confirm

the effect size estimation and test criteria. The Mantel–Haenszel

OR was calculated for dichotomous variables and the relative

risk (RR) was calculated for rare events. The P-value for

the overall effect was calculated using the Z test, with signifi-

cance set at P < 0.05. Sensitivity analysis and estimation of

publication bias were also performed.

Results
Trial characteristics

The process for selection of studies is shown in Figure 1. These

nine studies that met inclusion criteria included 617 patients

who underwent ELC and 603 who underwent DLC after acute

cholecystitis8–16. The characteristics of these studies are shown

in Table 1.

Results of meta-analysis

Total length of hospital stay

The total length of hospital stay was reported in all nine stud-

ies. The mean total length of hospital stay was significantly

lower in patients who underwent ELC than in patients who

underwent DLC (5.4 days versus 9.1 days; medical doctor

(MD), 3.24; 95% CI, 1.95–4.54; P < 0.001) (Fig. 2).

Bile leakage

Post-operative bile leakage was reported in eight of the nine

studies (1170 patients). The rate of bile leakage was signifi-

cantly higher after ELC than after DLC (14/592, 2.4% versus

3/578, 0.3%; RR, 2.55; 95% CI, 1.05–6.20; P = 0.041) (Fig. 3).

Major bile duct injury

Major bile duct injury was reported in six of the nine studies

(480 patients). The rate of major bile duct injury was not sig-

nificantly different after ELC than after DLC (2/247, 0.8% ver-

sus 2/223, 0.9%; RR, 0.96; 95% CI, 0.25–3.73; P = 0.950).

Overall morbidity

Post-operative morbidity was reported in all nine studies.

Overall morbidity was not significantly different after ELC than

after DLC (91/617, 14.7% versus 129/603, 21.4%; OR, 1.04;

95% CI, 0.51–2.10; P = 0.91).
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Intra-abdominal fluid collection

Post-operative intra-abdominal fluid collection was reported in

five of the nine studies (998 patients). The rate of intra-

abdominal fluid collection was not significantly different after

ELC than after DLC (7/506, 1.4% versus 8/492, 1.6%; RR,

0.79; 95% CI, 0.31–2.06; P = 0.63).

Conversion to open surgery

Conversion to open surgery was reported in all nine studies.

The rate of conversion was not significantly different after ELC

than after DLC (86/617, 13.9% versus 84/603, 13.9%; RR, 0.97;

95% CI, 0.74–1.28; P = 0.84).

Operative time

The operative time was reported in seven of the nine studies

(530 patients). The mean operative time was not significantly

different between ELC and DLC (105 min versus 91 min; MD,

10.18; 95% CI, �1.48–21.85; P = 0.09).

Post-operative drainage

Post-operative drainage was reported in three of the nine studies

(186 patients). Placement of an intra-operative drainage tube

was significantly more frequent in patients who underwent ELC

than in patients who underwent DLC (74/95, 77.8% versus

37.3%; OR, 6.18; 95% CI, 3.19–11.99; P < 0.001) (Fig. 4).

Sensitivity analysis and publication bias

Sensitivity analysis and publication bias estimation were per-

formed to estimate statistically significant results. For overall

morbidity, operative time and the total length of hospital stay,

the combined OR (or MD) was calculated using both a fixed-

effects and a random-effects model, and the results were com-

pared.

Discussion

This meta-analysis of RCTs found that DLC was associated

with a significantly longer total hospital stay and significantly

lower rate of post-operative bile leakage than ELC in patients

with acute cholecystitis. However, the rates of major bile duct

injury, overall morbidity and conversion to open surgery, and

the mean operative time, were not significantly different

between ELC and DLC.

The choice of ELC versus DLC in patients with acute chole-

cystitis remains controversial, even although this issue has been

investigated by randomized8 and prospective studies.17–20 All

these previous studies concluded that the rates of post-opera-

tive complications and conversion to open surgery were similar

after ELC and DLC. These results are also supported by a

recent population-based study,21 which found that ELC was

associated with a shorter total hospital stay and a similar rate

of post-operative complications compared with DLC.

Other previous studies have also reported on the total length

of hospital stay.31,32 The length of hospital stay and cost-effec-

tiveness have become increasingly important in recent years.

Some centres prefer to avoid DLC because it requires a second

hospitalization, which increases the total length of hospital stay

and is associated with a risk of recurrence of cholecystitis

before surgery. As reported, there were some patients who

underwent their surgery before the operative date in the DLC

group (Table 1).

This meta-analysis has some limitations. First, the timing of

ELC and DLC differed among studies. ELC was performed as

soon as 24 h after admission in some studies,8,11,15,16 at

48–72 h after admission in other studies,9,10,12,14 and as late as

7 days after admission in the study by Yadav et al.13 DLC was

performed between 6 and 12 weeks after acute cholecystitis.

Analysis of the secondary outcomes of the study found that

post-operative bile leakage was significantly associated with

ELC. This differs from the findings of previous meta-analyses

and RCTs. However, interpreting the significance of this result

is difficult as the rates of post-operative drainage were signifi-

Excluded n = 161

RCTs excluded n = 7

List reasons:

Study with chronic
cholecystitis
Cost/utility trials
Cost/effectiveness trials
Health-related quality of life
trials

Retrospective study
Duplicate
Meta-analysis

RCTs retrieved for more detailed
evaluation

N = 19

-
-

-

-

List reasons:

List reasons:

- Jadad scale <3
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Potentially appropriate RCTs to be
included in the meta-analysis
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Figure 1 Flow-Chart of the meta-analysis
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cantly higher in the ELC group and, thus, may have influenced

the reported incidence. Outcome data regarding morbidity or

subsequent intervention would need to be reported to under-

stand if this is significant.

Bile duct injuries are a major concern after a cholecystec-

tomy and are divided into minor and major injuries accord-

ing to the Strasberg classification.22 After a laparoscopic

cholecystectomy, the reported rate of minor bile duct injuries

is 0.1–1.7%, and of major bile duct injuries is 0.1–0.9%.

Obesity, peri-operative bleeding and local inflammation sec-

ondary to pancreatitis or acute cholecystitis are well-known

risk factors for bile duct injury.23,24 In patients with bile duct

injuries, the right hepatic artery is also injured in 7–12% of

patients.25–30

Table 1 Characteristics of studies included in the meta-analysis

Study (year,
Country)

Number of
patients
(ELC/DLC)

Outcomes definition (according to TG 13
for AC)

Monocentre
study

Consultant
surgeon

Routinely
cholangiography

Failure of
conservative
treatment

AC ELC DLC

Lai (1998, China) 53/38 Yes Within 24 h

of admission

6–8 weeks

later

Yes Yes No 8

Lo (1998, China) 45/41 Yes Within 72 h

of admission

8–12 weeks

later

Yes Yes No 8

Johansson (2003,

Sweden)

74/69 Yes Within 48 h

of admission

but no more

than 7 days

after the onset

of the symptoms

6–8 weeks

later

Yes No Yes 18

Kolla (2004, India) 20/20 Yes Within 24 h

of admission

6–12 weeks

later

Yes Yes No

Macafee (2009,

United

Kingdom)

36/36 Not

detailed

in the

study

Within 72 h

of admission

12 weeks

later

Yes No Considered only

necessary

by surgeon

4

Yadav (2009,

Nepal)

No As soon as possible

but until 7 days

within admission

6–8 weeks

later

Yes Yes NR NR

Gul (2013, India) 30/30 Yes Within 72 h

of admission

6–12 weeks

later

Yes Yes Not detailed in

the study

Not detailed

in the study

Gutt (2013,

Germany)

304/314 Yes Within 24 h

of admission

Until 45 days

after

enrollment

No Not detailed

in the study

Not detailed in

the study

Not detailed

in the study

Ozkardes

(2014,

Turkey)

30/30 Yes Within 24 h

of admission

6–8 weeks later Yes No Not detailed in

the study

Not detailed

in the study

AC, acute cholecystitis; DLC, delayed laparoscopic cholecystectomy; ELC, early laparoscopic cholecystectomy; US, ultrasound; TG 13, Tokyo
Guidelines 2013 definition.

ELC

Lo 1998
Lai 1998
Johansson 2003
Kolla 2004
Macafee 2009
Yadav 2009
Gutt 2013
Gul 2013
Ozkardes 2014

Heterogeneity: Tau2 = 2.59; Chi2 = 93.06, d.f. = 7 (P  < 0.00001); l2 = 92%
Test for overall effect: Z = 4.92 (P < 0.00001)

Total (95% CI)

Mean MeanSD SDTotal Total Weight IV, Random, 95% CI Year IV, Random, 95% CIStudy or Subgroup
DLC Mean Difference Mean Difference

7.6 3.6 11.6 13.9% –4.00 [–5.45, –2.55]
–5.00 [–7.88, –2.12]
–3.00 [–5.98, –0.02]

–6.00 [–10.62, –1.38]

–2.90 [–3.76, –2.04]
–4.63 [–4.71, –4.55]

–2.60 [–3.37, –1.83]

–3.24 [–4.54, –1.95]

Not estimable

0.00 [–1.28, 1.28]

9.2%
8.9%
5.3%

14.4%
15.6%
16.8%

15.9%

53 3.4 38 1998
1998
2003
2004
2009
2009
2013
2013
2014

–100 –50 0 50 100
ELC

617 603 100.0%

DLC

4.1

5.4

5.2

4.33 1.46 7.23 1.6325 25
0.32 304 3140.6310.03

4.77

6 6.8 6.845 4111
9.1 9.174 698
8.6 6.120 2010.1

6 3 36 366 2.5

0 030 3010.1
1.4 1.6530 307.8

5

Figure 2 Meta-analysis of the total length hospital stay

HPB 2015, 17, 857–862 ª 2015 International Hepato-Pancreato-Biliary Association

860 HPB



The present findings that the rates of overall morbidity,

major bile duct injury and mortality were not significantly dif-

ferent between patients who underwent ELC and DLC were

consistent with the findings of four previous meta-analyses.

However, Siddiqui et al.31 found that ELC was associated with

a longer mean operative time than DLC, which differs from

the present findings.

The findings of recent studies suggest that ELC may reduce

healthcare costs33–35 and increase the quality of life36,37 com-

pared with DLC in patients with acute cholecystitis.

Conclusion

DLC is associated with a longer total hospital stay but equiva-

lent morbidity as compared with ELC for patients presenting

with acute cholecystitis. ELC would appear to be the treatment

of choice for patients presenting with AC.
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